The simulation of the impact of Escherichia coli loads from watersheds is of great interest for assessing estuarine water quality, especially in areas with shellfish aquaculture or bathing activities. For this purpose, this study investigates a model association based on the Soil and Water Assessment Tool (SWAT) coupled with a hydrodynamic model (MARS 2D; IFREMER). Application was performed on the catchment and estuary of Daoulas area (France). The daily E. coli fluxes simulated by SWAT are taken as an input in the MARS 2D model to calculate E. coli concentrations in estuarine water and shellfish. Model validation is based on comparison of frequencies: a strong relationship was found between calculated and measured E. coli concentrations for river quality (r 2 = 0.99) and shellfish quality (r 2 = 0.89). The important influence of agricultural practices and rainfall events on the rapid and large fluctuations in E. coli fluxes from the watershed (reaching three orders of magnitude in <24 hours) is one main result of the study. Response time in terms of seawater quality degradation ranges from one to two days after any important rainfall event (greater than 10 mm/day) and the time for estuary to recover good water quality also mainly depends on the duration of the rainfall. In the estuary, three effects (rainfall, tidal dilution, and manure spreading) have been identified as important influences.
Introduction 24
The microbiological quality of surface waters in rivers or estuaries determines their 25 acceptability for shellfish culture and recreational use (Hooda, Edwards et al. 2000) . 26
Microbiological contamination often results from urban wastewater discharges or non-point 27 source pollution, including land-applied animal manure, failure of septic systems and 28 wildlife. On the coast, microbiological contamination can cause beach closures or prohibited 29 shellfish sales, both of which have direct effects on the coastal economy. water subject to tidal currents, the physical dilution is more efficient than mortality to 47 decrease E. coli concentrations (Salomon and Pommepuy 1990 ). Constant, day-/ night-time 48 
Input parameters 217
The parameters used in SWAT to define E. coli behavior are presented in Table 1 French local administrative data, manure production was estimated from the number of 233 livestock and the quantity of faeces produced by the different types of animals for each 234 subcatchments. To reproduce the agricultural practices of the catchment, we used the 235 available data on farm location and livestock numbers (Figure 1 ) (DDTM 2010). According 236 to Aitken (2003) , we assumed that the quantity of liquid manure spread corresponds to the 237 quantity of faeces produced by the farms (Aitken 2003) . From concentration in faeces 238 (Geldreich 1966 ), a decrease of 3 log in E. coli concentration was applied to take into account 239 the pathogen and E. coli decay during manure storage. Goss and Richards (2008) consider 240 that 3 months is the time necessary for maturing of manure. Finally, fecal bacteria 241 concentration in manure was set at 8.96x10
5 E. coli/g (dry weight). 242
From these data, we estimated a dummy spreading calendar according to four hypotheses. and estuaries or lakes. They are solved by MARS using finite differences on a 3D grid. The 281 air-sea interface is a free surface and the external (surface gravity) mode is computed using 282
an Alternate Direction Implicit (ADI) scheme, which allows (i) a much larger time step 283 (shorter computations) than explicit schemes and (ii) an original external/internal mode 284 coupling (Lazure and Dumas 2008) . Furthermore a robust wetting-drying algorithm is 285
implemented. The vertical structures are described using the so-called σ coordinate, enabling 286 a simple formulation of the free surface and bottom boundary conditions. For this application 287 however, the model was run in a 2D mode, meaning that the system considered is described 288 by the Shallow Water (or Saint-Venant) equations. The choice of a 2D approach was justified 289 by the very weakly stratified nature of the Daoulas River estuary (as discussed above) and 290 allowed for a better horizontal resolution at the same computational cost. The The graph demonstrated the rapid response of the watershed to rainfall in terms of E. coli 405 concentrations, as concentrations increased by a factor 100 or 1000 over a short time. This 406 result was mainly due to the characteristics of the watershed including size (113 km²) and 407 short time of concentration (less than a day), which provide little time for E. coli degradation 408 during transport. Additionally, despite the fact that in our simulation, manure was not spread 409 when the precipitation was more than 5 mm/day, agricultural practices had a strong influence 410 on water quality due to the persistence of E. coli in soil and its rapid change in rainfall 411 conditions. Moreover, the large percentage of agricultural land (44% of arable land and 25% 412 of pastures) accentuates the impact of agricultural practices on water quality. On the other 413 hand, it is clear that during dry weather, the WWTP discharges were major sources of 414 contamination. possibly because of the shape of the estuary. This closed estuary drains out more than 50% of 487 its water volume during low tide. During spring tides, the foreshore was exposed for a long 488 time to larger variations of E. coli concentration than during neap tide (i.e. in April). Daily 489 mean E. coli concentration was therefore higher during spring tide at point C. 490 Nevertheless, it is important to note that, from March to April, simulated concentrations at 491 points B and C fluctuated between 10 -2 and 10 0 E. coli/100 ml, i.e. very low concentrations 492 that remained within the European restrictions for excellent bathing conditions (i.e. 250 493 cfu/100 ml, European directive 2006/7/EC) and shellfish consumption (14 cfu/100 ml, 494 USEPA criteria) (USEPA 1986) . 495 496 However, during contamination (i.e. rainfall) events, point C was impacted by river 497 discharges, as indicated by simulated concentrations as high as 3.0 x 10 2 E. coli/ 100 ml on 498 24 June 2007. After April, the E. coli fluxes were increasing because the rainfall events 499 resulted in additional loads. Thus, the estuary response was very rapid with a coincident 500 variation with the streams. When concentrations were increased by two orders of magnitude 501 in the river (Figure 6 ), there was similar increase at the other monitoring points as well. The 502 dilution effect and bacterial die-off consistently caused a concentration decrease from A to C. 503
This effect was greater during dry periods (March to April) than during wet periods when 504 discharges were higher. Moreover, a one-day time lag was observed between river discharges 505 and contamination peaks at points A and B, and a two-day lag was observed at point C. 506
Therefore, according to the model, the estuary reacted to the river inputs within a short time. 507
Furthermore, water quality recovery was also very fast over the first days, but may take 508 several weeks to return to be fully recovered, indicating a high sensitivity of the estuary to the 509 rainfall events and/or the watershed fecal inputs. 510
-E. coli concentrations in shellfish 512
The validation method for shellfish quality was similar to that applied for the SWAT E. coli 513 validation. That is, the validation was assessed by comparing frequency curves. The results at 514 point B ( These results showed that the models could reproduce shellfish quality frequency with an 526 acceptable reliability. 527 528 -Effect of agricultural practices on water and shellfish quality 529
Once calibrated for flow and E. coli concentrations both in the river and shellfish, the models 530 were used to simulate two other input conditions: first, the WWTP discharges only and, 531 second, the WWTP discharges and spreading on bare ground. 532
The E. coli concentrations in the river and coastal water, as well as in shellfish, under these 533 scenarios were compared to those of the baseline scenario. We compared the results obtained 534 Overall, E. coli concentrations were 1.5 times lower when there was no spreading activity 544 (scenario 1), but could be 15.5 times higher when spreading was conducted without 545 respecting the regulations (scenario 2). 546
The effect of these different scenarios are discussed here with regard to the EU bathing 547
Directive 2006/7/EC, which stipulates E. coli concentrations should be lower than 500 548 cfu/100 ml in water for bathing uses. Water quality was considered as excellent and good 549 quality if the 95-percentile value was not higher than 250 and 500 cfu/100 ml, respectively. 550 For baseline simulation, the water quality would be non-sufficient at point A, sufficient at 557 point B, and excellent at point C; whereas, for scenario 1, water quality would be excellent at 558 the three points. The water quality for scenario 2 would be non-sufficient at points A, B and 559
C. 560 561

Discussion 562
The integrated SWAT and MARS models were used to estimate the impact of catchments' 563 agricultural practices and wastewater discharges on the quality of the aquatic environment in 564 the estuary. This association of models has the ability to simulate E. coli concentrations from 565 the Daoulas catchment, via streams and watershed outlet, and into the estuary. These models, 566 set up for the Daoulas watershed and estuary, consider the dynamic processes, and 567 needed for water quality recovery: several days were needed, the exact duration depending on 593 the duration of rainfall events: about 10 days for 15.8 mm of rainfall/day, and about 14 days 594 for 30.8 mm/day. But, if the rainfall event is continuous during several days, the time for 595 water quality recovery is longer because of the important discharge of the river and the 596 impossibility to the estuary to dilute contamination. In a previous study, Riou et al. (2007) 597 demonstrated that the seawater removal was a function of tidal and windy conditions. This 598 study shows that rainfall and river associated E. coli discharges, and not only tidal dilution 599 conditions, need to be taken into account to explain the time for seawater to return to a good 600 quality. In relation to these phenomena, the daily time step used in the model seemed to be 601 well adapted to the watershed size (113 km², 90 km river long). The second result indicates 602 that the flux variation is of the same order of magnitude that those due to tidal variation (i.e. 603 dilution and dispersion phenomena). This point underlines the need to introduce continuous 604 and variable fluxes in MARS model. 605 606 Moreover, the results of the models were also used in the management of coastal areas, 607 especially bathing areas. For baseline simulation and scenarios 1 and 2, 90-percentile 608 evaluation on E. coli concentrations in the river were all above 900 E. coli/100 ml 609 corresponding to non-sufficient water quality. Thus, the stopping of spreading would not lead 610 to an improvement in classification for bathing water in this river. Nevertheless, in the 611 estuary, if there is no spreading on the catchment, the quality of coastal water would be 612 excellent at point A, even though it is close to the river outlet (scenario 1). In contrast, the 613 scenario 2 with poor spreading practices would create non-sufficient water quality for bathing 614 activities in the entire estuary. Moreover, the validity of the model's applications should be tested further by comparing 631 simulations with other field data on a longer period. In this study we also showed that, as in 632 other coastal areas, agriculture is one of the major sources of E. coli in rivers (Hooda, 633 Edwards et al. 2000; Avery, Moore et al. 2004) . Nevertheless, as previously described, even 634 though good manure management practices are currently implemented in this area, current 635 investigations suggest that faecal pollution from cattle in field or tank failures in some farms 636 could cause water pollution (Aitken 2003 ). More precise information on slurry condition and 637 manure storage could also be relevant to improve the simulations. 638
639
Further confirmation of parameter values should be made for some parameters of the models, 640 such as die-off rate. In our application we used a die-off equal to 0.35, which is a good 641 compromise with local turbidity and salinity conditions in the estuary ( Current microbial water quality models are lacking in their ability to handle continuous 653 fluxes arriving in coastal water. In this study, the simulation of continuous fluxes from a 654 catchment, linked with climatic conditions and watershed practices, constitutes a better 655 approach to observing the capacity for an estuary to dilute contamination. Moreover, it 656 allowed the assessment of response time and the time for water quality recovery for an 657 estuary in realistic conditions. In order to assess water quality for bathing and shellfish 658 activities, the two models used allowed the testing of several solutions to improve quality, 659 like best management practices and observation of their impact on estuarine water 660 contamination. To prevent microbial contamination of river and estuarine water, it is essential 661 to evaluate the effect of best and worst agricultural practices on contamination and to 662 understand the complexity of hydrological and hydrodynamic properties of the unity 663 "catchment-estuary". This association is important to set up a coherent management strategy 664 for coastal areas, including shellfish growing areas. Furthermore, these simulations permitted 665 the evaluation of the non compliance of bathing areas with regulation associated with a risk 666 to humans exposed to contaminated water ( 
